DIODE AND PRODUCING METHOD THEREOF 

CROSS REFERENCE TO RELATED APPLICATION 
This application is related to and incorporates herein 
by reference Japanese Patent Applications No. 2002-20135 
filed on January 29, 2002 and No. 2002-284144 filed on 
September 27, 2 002. 

FIELD OF THE INVENTION 
This invention relates to a diode and particularly to a 
PN junction diode including stripe diffusion layers for 
input/output protection in an integrated circuit. 

BACKGROUND OF THE INVENTION 

PN junction diodes have been used as a protection 
element for preventing semiconductor devices from being 
destroyed due to electrostatic discharge (ESD), a surge 
voltage, or a surge current. Such a PN junction diode for 
input/output protection is disclosed in Japanese patent 
application provisional publication No. 02-58262. 

Fig. 22A is a plan view of a related art typical PN 
junction diode for input/output protection. Fig. 22B is an 
enlarged cross-sectional view taken along line XXIIB-XXIIB in 
Fig. 22A. 

The PN junction diode 100 shown in Figs. 22A and 22B 
includes an N-type low impurity concentration silicon 
semiconductor substrate (n-) 1, a P-type high impurity 
concentration diffusion region 2 as a base in the surface 



portion of the substrate 1, and N-type high impurity 
concentration diffusion regions 3a and 3b as an emitter on 
both sides of the base in the surface layer of the substrate 
1 to provide PN junction. In Fig. 22A, the P-type high 
impurity concentration diffusion region 2 and the N-type high 
impurity concentration diffusion regions 3a and 3b are 
denoted with broken lines. 

As shown in Fig. 22B, the P-type high impurity 
diffusion region 2 and the N-type high impurity diffusion 
regions 3a and 3b are connected to Al electrodes 7a and 7b 
through openings in an insulation film 5 comprising BPSG 
(borophosphosilicate glass), respectively. More specifically, 
as shown in the plan view of Fig. 22A, the P-type high 
impurity concentration diffusion region 2 is connected to the 
Al electrode 7a as a base electrode, and the N-type high 
impurity concentration diffusion regions 3a and 3b are 
connected together with the Al electrode 7b as an emitter 
electrode. Here, in the plan view of Fig. 22A, the Al 
electrodes 7a and 7b are denoted with solid lines, and the 
contact regions 71, 72, and 73 are denoted with dotted lines. 
Further, the whole of the PN junction diode is covered with a 
protection film 10 comprising silicon nitride (SiN) and is 
connected to the external through pads 70a and 7 0b denoted 
with solid lines in Fig. 22A.Each of the high impurity 
concentration regions 2, 3a, and 3b has a rectangular shape 
having dimensions of about 10 im x 500 im. The PN junction 
diode for input/output protection element for a semiconductor 
device has tens of PN junction diodes in Figs. 22A and 22B 



connected in parallel to protect the circuits in the 
semiconductor device from a large magnitude of serge current. 

Next, a method of producing the PN junction diode shown 
in Figs. 22A and 22B will be described with reference to Figs. 
23A to 23E. Figs. 23A to 23E are enlarged cross-sectional 
views taken along line XX1IB-XXIIB in Fig. 22A in order of 
production processes. 

As shown in Fig. 23A, on an N-type low impurity 
concentration silicon (semiconductor) substrate 1, a first 
mask 101 corresponding to the base is formed, and then P-type 
impurity is ion-injected at a relatively high concentration 
to form the P-type high impurity concentration diffusion 
region 2 to provide the base. 

Subsequently, as shown in Fig. 23B, the first mask 101 
corresponding to the base is removed, and then a second mask 
102 corresponding to the emitter is formed. Next, N-type 
impurity is ion-injected at a relatively high concentration 
to form N-type high impurity concentration diffusion regions 
3a and 3b as the emitter on the both sides of the P-type high 
impurity concentration diffusion region 2. This provides PN 
junction regions 4a and 4b at the semiconductor portions 
between the P-type high impurity concentration diffusion 
region 2 and the N-type high impurity concentration diffusion 
regions 3a and 3b. 

Next, as shown in Fig. 23C, the second mask 102 
corresponding to the emitter is removed, and then a BPSG film 
as an intermediate insulation film 5 is deposited on a entire 
surface of the substrate 1. Openings 61, 62 and 63 are formed 



to obtain connections with the P-type high impurity 
concentration diffusion region 2 and N-type high impurity 
concentration diffusion regions 3a and 3b, respectively. 

After that, as shown in Fig. 2 3D, Al is deposited on 
the entire current top surface to have an Al film, which is 
patterned to have a base electrode 7a and emitter electrodes 
7b. 

Now, as shown in Fig.23E, SiN is deposited on the 
entire top surface to have a protection film 10, and then 
openings for pads are formed for external connection to 
complete the PN junction diode 100 shown in Figs. 22A and 22B 

When a surge such as ESD is applied to the N-type high 
diffusion regions 3a and 3b as the emitter, immediately, the 
PN junction regions 4a and 4b are reversely biased. This 
generates an avalanche conduction, so that a surge current 
flows from the N-type high impurity concentration diffusion 
regions 3a and 3b to the P-type high impurity concentration 
diffusion region 2. The PN junction regions 4a and 4b have 
widths L ca and L cb , respectively, which are equal to each 
other in designing step. However, in the manufacturing step, 
the widths L ca and L C b may become different from each other 
(in the figure, L ca < L C b)« In Fig. 22B, as shown by the 
arrows having different thicknesses, a surge current flowing 
through the PN junction region 4a having a smaller width is 
greater in magnitude than the surge current flowing through 
the PN junction region 4b. Thus, the diode having deviation 
in a magnitude of a surge current due to the different widths 
L ca and Lcb/ has a relatively low withstanding voltage against 



a surge voltage, thus, being easily destroyed. 

Moreover, particularly, the P-type high impurity 
concentration diffusion region 2 and the N-type high impurity 
concentration diffusion regions 3a and 3b having rectangular 
5 edges may be subjected to destruction due to a surge voltage 

because electric surge current concentrates thereto. 

Therefore, it would be desirable to provide a PN 
junction diode capable of suppressing the concentration of 
electric surge current at the ends of the stripe diffusion 
10 regions therein. 

Further, it would be also desirable to provide a PN 
junction diode in which the surge currents can be uniformly 
conducted through each of plural PN junction regions. 

15 SUMMARY OF THE INVENTION 

One object of the present invention is to provide a 
superior diode. 

Another object is to provide a diode with an improved 
ESD withstanding capacity. 
20 A further object of the present invention is to provide 

a PN junction diode capable of uniformly conducting surge 
currents through plural PN junction regions thereof. 

A still further object of the present invention is to 
provide a PN junction diode having an insulation layer on the 
25 PN junction region with heat resistivity. 

According to a first aspect of the present invention, a 
PN junction diode is constructed to suppress the 
concentration of current at the ends of stripe diffusion 
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regions in the PN diode. According to a second aspect of 

the present invention, a diode includes a substrate of a 
first conductivity type, and first and second stripe 
diffusion regions which are the first conductivity type and 
second conductivity type, respectively. The stripe diffusion 
regions are alternately arranged at a regular interval in a 
surface layer of the semiconductor substrate. The 
longitudinal sides of the first and second stripe diffusion 
regions are arranged so as to face each other to have a 
stripe pattern. The diode further includes first and second 
stripe electrodes above the first and second diffusion 
regions along the longitudinal sides, connected to the first 
and second diffusion regions, respectively. The diode 
further includes surge current concentration suppressing part 
for suppressing concentration of the surge current at 
neighboring ends of the first and second stripe diffusion 
regions . 

According to a third aspect of the present invention, a 
PN junction diode includes stripe diffusion regions for a 
base region and emitter regions which are equaidistantly 
arranged with an insulation protection film thereon having 
openings provided for forming the base region and emitter 
regions . 

According to a fourth aspect of the present invention, 
a diode includes an insulation layer on the PN junction 
region with heat resistivity. 



BRIEF DESCRIPTION OF THE DRAWINGS 



The object and features of the present invention will 
become more readily apparent from the following detailed 
description taken in conjunction with the accompanying 
drawings in which: 

Fig. 1A is a partial plan view of a PN junction diode 
according to a first embodiment of the present invention; 

Fig. IB is a partial cross-sectional view taken along 
line IB-IB in Fig. 1A; 

Fig. 2A is a partial cross-sectional view taken along 
line IIA-IIA in Fig. 1A; 

Fig. 2B is a partial cross-sectional view taken along 
line IIB-IIB in Fig. 1A; 

Fig. 3A is a partial plan view of a PN junction diode 
of an example of modification according to the first 
embodiment of the present invention; 

Fig. 3B is a partial cross-sectional view of a PN 
junction diode of another example of modification according 
to the first embodiment of the present invention; 

Fig. 4 is a plan view of a PN junction diode according 
to a second embodiment of the present invention; 

Fig. 5 is a plan view of a PN junction diode according 
to a third embodiment of the present invention; 

Fig. 6 is a plan view of a PN junction diode according 
to a fourth embodiment of the present invention; 

Fig. 7A is a partial plan view of a PN junction diode 
according to a fifth embodiment; 

Fig. 7B is a cross-sectional view taken along line 
VIIB-VIIB in Fig. 7A; 



Fig. 8 is a partial plan view of a PN junction diode 
according to a sixth embodiment; 

Fig. 9 A is a plan view of a PN junction diode according 
to a ninth embodiment of the present invention; 
5 Fig. 9B is a cross-sectional view of the PN junction 

diode taken along line IXB-IXB in Fig. 9A; 

Figs. 10A to 10G are cross-sectional views taken along 
line IXB-IXB in Fig. 9A in order of processes; 

Figs. 11A to HE are cross-sectional views illustrating 
10 processes for a CMOS semiconductor device formed on the same 

substrate; 

Fig. 12 is a plan view of a PN junction diode according 
to a tenth embodiment; 

Fig. 13 is a plan view of a PN junction diode according 
15 to an eleventh embodiment; 

Fig. 14 is a plan view of a PN junction diode according 
to a twelfth embodiment; 

Fig. 15 is a plan view of a PN junction diode according 
to a thirteenth embodiment; 
20 Fig. 16 is a plan view of a PN junction diode according 

to a fourteenth embodiment; 

Fig. 17A is a plan view of a PN junction diode 
according to a fifteenth embodiment; 

Fig. 17B is an enlarged cross-sectional view taken 
25 along line XVIIB-XVIIB in Fig. 17A; 

Fig. 18 is a plan view of a PN junction diode according 
to a sixteenth embodiment; 

Fig. 19A is a plan view of a PN junction diode 
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according to a seventeenth embodiment; 

Fig. 19B is a cross-sectional view taken along line 
XIXB-XIXB in Fig. 19A; 

Fig. 2 OA is a plan view of a PN junction diode 
according to an eighteenth embodiment; 

Fig. 20B is a cross-sectional view taken along line 
XXB-XXB in Fig. 2 OA; 

Fig. 21A is a plan view of a PN junction diode 
according to a nineteenth embodiment; 

Fig. 2 IB is an enlarged cross-sectional view of the PN 
junction diode taken along line XXIB-XXIB in fig. 21A; 

Fig. 22A is a plan view of a related art typical PN 
junction diode for input/output protection; 

Fig. 22B is an enlarged cross-sectional view taken 
along line XXIIB-XXIIB in Fig. 22A; and 

Figs. 23A to 23E are enlarged cross-sectional views 
taken along line XXIIB-XXIIB in Fig. 22A in order of 
production processes. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
The present invention will be described in detail with 
reference to various embodiments . 
[FIRST EMBODIMENT] 

The PN junction diode 200 includes a P-type (p 
conductivity type, p-impurity type) silicon semiconductor 
substrate 1, a P-type high impurity concentration diffusion 
region 2 in a surface layer of the P-type silicon 
semiconductor substrate 1, and an N-type high impurity 



concentration diffusion region 3 in the surface layer , 
wherein the P-type high impurity concentration diffusion 
region 2 and the N-type high impurity concentration diffusion 
region 3 are alternately arranged at a regular interval in a 
first direction (parallel to line IIA-IIA) , and longitudinal 
sides of the diffusion regions 2 and 3 are arranged in a 
second direction (parallel to line IB-IB) so as to face each 
other, thereby forming a stripe pattern. 

A predetermined number of pairs of the P-type high 
impurity concentration diffusion region 2 and the N-type high 
impurity concentration diffusion region 3 are recurrently 
arranged in the first direction , wherein the number is 
determined in accordance with the required withstanding surge 
current. However, Fig. 1A illustrates only one pair of the 
P-type high impurity concentration diffusion region 2 and the 
N-type high impurity concentration diffusion region 3. 

The P-type high impurity concentration diffusion region 
2 corresponds to a base (anode) of the PN junction diode 2 00, 
and the N-type high impurity concentration diffusion region 3 
corresponds to an emitter (cathode) of the PN junction diode 
200. Here, the configurations of the diode 200 in Figs. 1A 
and IB illustrate the condition just after ion injection. 
The ion-injected substrate 1 is subsequently subjected to 
thermal treatment, so that ion injected portions are 
thermally diffused so as to approach each other along the 
first direction, so that the longitudinal sides of the ion- 
injected stripe portions overlap with each other to form a PN 
junction of the P-type high impurity concentration diffusion 



region 2 and the N-type high impurity concentration diffusion 
region 3 . 

On the P-type high impurity concentration diffusion 
region 2 and the N-type high impurity concentration diffusion 
region 3, strip electrodes 7a and 7b made of aluminum (Al) 
are alternately arranged equidistantly . In Fig. 1A, hatched 
regions 70a and 7 0b illustrate contacts between the P-type 
high impurity concentration diffusion region 2 and the 
electrode 7a and between the N-type high impurity 
concentration diffusion region 3 and the electrode 7b, 
respectively. The contacts 70a and 7 0b are arranged at the 
middle portions of the P-type high impurity concentration 
diffusion region 2 and the N-type high impurity concentration 
diffusion region 3. Further, a second electrode 7b' is 
disposed through an insulation film including an LOCOS 
(localized oxidation of silicon) 5' and an intermediate 
insulation film 5 on the LOCOS (film) 5' so as to cover 
neighbor ends (first ends) of the N-type high impurity 
concentration diffusion region 3 and the P-type high impurity 
concentration diffusion region 2. The second electrode 7b' 
is made of aluminum (Al) or polysilicon (Si). Here, the 
second electrode 7b' is electrically connected to the 
electrode 7b connecting with the N-type high impurity 
concentration diffusion region 3 by way of, for example a 
wire 6 to equalize the potential (voltage) of the second 
electrode 7b' to that of the electrode 7b. 

Figs. 2A and 2B show the condition after thermal 
diffusion of the P-type high impurity concentration diffusion 



region 2 and the N-type high impurity concentration diffusion 
region 3, so that the longitudinal side portions of the 
stripes of the P-type high impurity concentration diffusion 
region 2 and the N-type high impurity concentration diffusion 
region 3 are overlapped with each other. As shown in Figs. 1A 
and IB, the second electrode 7b' is formed to cover the ends 
of the N-type high impurity concentration diffusion region 
(emitter) 3 and the P-type high impurity concentration 
diffusion region (base) 2. Further, the second electrode 7b' 
is equalized to the electrode (emitter electrode) 7b in 
potential by wiring. When a positive surge voltage is 
applied to the emitter (N-type high impurity concentration 
diffusion region) 3, a positive voltage at . the second 
electrode 7b' causes repulsion of holes in the P-type 
semiconductor substrate 1 and holes in the P-type high 
impurity concentration diffusion region 2. This expands a 
depletion layer 41 (Fig. 2B) at the end of the N-type high 
impurity concentration diffusion region (emitter) 3 in 
comparison with the depletion layer 40 (Fig. 2A) at the 
middle portion. This moderates the concentration of electric 
current at the end edges, and thus, suppressing the 
destruction at the end edges due to surge voltages. The 
opposite ends of the P-type high impurity concentration 
diffusion region 2 and the N-type high impurity concentration 
diffusion region 3 may be preferably covered with the second 
electrode 7b' . 

The second electrode 7b' shown in Figs. 1A and IB can 
be modified in various ways. The second electrode 7b' shown 



in Fig. 1A entirely covers the ends of the P-type high 
impurity concentration diffusion region 2 and the N-type high 
impurity concentration diffusion region 3. However, it is 
sufficient that the second electrode 7b ' covers only portions 
of the ends of the P-type high impurity concentration 
diffusion region 2 and the N-type high impurity concentration 
diffusion region 3 around the PN junction interface thereof. 
The suppression of concentration of electric surge current 
(electric field) by the second electrode 7b' expanding the 
depletion layer 41 is most effective at the PN junction 
interface. 

Fig. 3A shows another modification. In the PN junction 
diode 201 of Fig.3A, a second electrode 7b", corresponding 
to the second electrode 7b' in Fig. 1A, is integrally formed 
in one body with the electrode 7b. Thus, wiring which was 
required in the PN junction diode 200 in Fig. 1A can be 
omitted, so that the structure is simplified. 

Fig. 3B shows the other modification. In the PN 
junction diode 202 of Fig. 3B, a second electrode 7B' f ', 
corresponding to the second electrode 7b' in Fig. 1A, is 
formed on the LOCOS 5'. The second electrode 7b''' is made 
of polysilicon and formed together in the forming process of 
LOCOS and polysilicon used for gate electrodes of MOS 
transistors when manufacturing an integrated circuit 
including other semiconductor devices such as MOS transistors. 
Since the second electrode 7b''' is formed on the LOCOS 5', 
which is closer to the diffusion regions than the second 
electrode 7b' in Fig. IB, suppression of concentration of 
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surge current by the second electrode 7b''' is more effective 
than the second electrode 7b' in Fig. IB. 

In this embodiment, the LOCOS 5' is formed after ion- 
injection to form the P-type high impurity concentration 
diffusion region 2 and the N-type high impurity concentration 
diffusion region 3. 
[SECOND EMBODIMENT] 

In the first embodiment, formation of the second 
electrode at the ends or corner edges of the diffusion 
regions prevents from destruction thereat. In the second 
embodiment, optimizing the forms of the lead wire electrodes 
for the PN junction diode 210 reduces concentration of surge 
currents at the ends or corner edges of the diffusion regions. 

Fig. 4 illustrates a plan view of the PN junction diode 
210 according to the second embodiment. In the PN junction 
diode 210, lead wire electrodes 8a and 8b have a width that 
is smaller than longitudinal side length of the strip 
electrodes 7a and 7b, and are connected to the electrodes 7a 
and 7b at the middle portions thereof. In the case of the PN 
junction diode 210 shown in Fig 4, the lead wire electrodes 
8a and 8b are integrally formed in one body with the strip 
electrodes 7a and 7b. 

This structure makes longer the distances from the 
lead wire electrodes 8a and 8b to the ends or corner edges of 
the P-type high impurity concentration diffusion region 2 and 
the N-type high impurity concentration diffusion region 3 as 
shown by arrows in Fig. 4, respectively. That is, the 
resistances of the current paths increase in accordance with 



distances from the middle portions of the electrodes 7a and 
7b , which reduces the ratio of the surge current flowing at 
the ends of the diffusion regions 2 and 3. 

This moderates the concentration of electric current at 
end edges of the diffusion regions 2 and 3, thereby 
suppressing destruction at the ends of the diffused regions 2 
and 3 . Since the lead wire electrodes 8a and 8b are 
connected to the middle portion of the electrodes 7a and 7b, 
surge currents flow symmetrically with respect to the 
centerlines of lead wire electrodes 8a and 8b. Thus, 
suppression of the surge currents can be provided 
symmetrically on both sides of the centerline of the lead 
wire electrodes 8a and 8b. 
[THIRD EMBODIMENT] 

Fig. 5 is a plan view of the PN junction diode 220 
according to the third embodiment. The PN junction diode 220 
according to the third embodiment has electrodes formed as 
lower layers and connected to the diffusion regions 2 and 3. 
On the other hand, the lead wire electrodes connected to the 
electrodes are formed as upper layers. 

The PN junction diode 220, as shown in Fig. 5, includes 
four P-type high impurity concentration diffusion regions 2 
and four N-type high impurity concentration diffusion regions 
3 which are alternately arranged. On the P-type high 
impurity concentration diffusion regions 2 and the N-type 
high impurity concentration diffusion regions 3, electrodes 
7a and 7b are formed as lower layers to have connection with 
the P-type high impurity concentration diffusion regions 2 



and N-type high impurity concentration diffusion regions 3 
via contacts 70a and 70b, respectively. On the electrodes 7a 
and 7b, an intermediate insulation film (not shown) is formed. 
On the intermediate insulation film, a lead wire electrode 
8a' is formed as an upper layer, which extends in a direction 
perpendicular to the longitudinal side direction of the P- 
type high impurity concentration diffusion regions 2 and of 
N-type high impurity concentration diffusion regions 3. 

Similarly, on the intermediate insulation film, a lead 
wire electrode 8b' is formed as an upper layer, which extends 
in a direction perpendicular to the longitudinal side 
direction of the P-type high impurity concentration diffusion 
regions 2 and of N-type high impurity concentration diffusion 
regions 3 . 

The lead wire electrode 8a' is connected to the P-type 
high impurity concentration diffusion regions 2 through via- 
holes 80a', and the lead wire electrode 8b' is connected to 
the N-type high impurity concentration diffusion regions 3 
through via-holes 80b'. 

Since the via-holes 80a' and 80b' are arranged at the 
middle portion of the strip electrodes 7a and 7b, this 
structure can reduce the surge current flowing through the 
ends of the P-type high impurity concentration diffusion 
regions 2 and the N-type high impurity concentration 
diffusion regions 3. Therefore, it is capable of moderating 
the concentration of electric current at the ends of the 
diffusion regions 2 and 3 due to a surge voltage, and 
suppressing destruction thereat. 



In addition, since lead wire electrodes 8a' and 8b' are 
formed as the upper layers above stripe electrodes 7a and 7b, 
there is no need for providing the area only occupied by the 
lead wire electrodes 8a' and 8b'. Thus, although the PN 
junction diode 220 has a number of diffusion regions 2 and 3, 
it can reduce the rate of surge current flowing into the ends 
of the diffusion regions 2 and 3 without increasing the 
occupied area only by the lead wire electrodes 8a' and 8b'. 
[FOURTH EMBODIMENT] 

A PN junction diode 23 0 according to the fourth 
embodiment has, as shown in Fig. 6, a comb structure for the 
lead wire electrodes 8a'' and 8b''. That is, the lead wire 
electrode 8a '' is formed to have a comb shape, wherein its 
teeth cover and cross the P-type high impurity concentration 
diffusion regions 2 and the N-type high impurity 
concentration diffusion regions 3. Similarly, the lead wire 
electrode 8b' ' is formed to have a comb shape, wherein its 
teeth cover and cross the P-type high impurity concentration 
diffusion regions 2 and the N-type high impurity 
concentration diffusion regions 3 in the plan view. The 
teeth of the lead wire electrodes 8a'' and 8b'' interlace 
with each other over the P-type high impurity concentration 
diffusion regions 2 and the N-type high impurity 
concentration diffusion regions 3. 

The lead wire electrode 8a'' as an upper layer is 
connected to the electrodes 7a (lower layers) on the P-type 
high impurity concentration diffusion regions 2 through via- 
holes 80a'' except the outmost tooth located at first ends of 
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the P-type high impurity concentration diffusion regions 2 
and the N-type high impurity concentration diffusion regions 
3. The lead wire electrode 8b' ' as an upper layer is 
connected to the electrodes 7b as lower layers on the N-type 
high impurity concentration diffusion regions 3 through via- 
holes 80b' ' except the outmost tooth located second ends of 
the P-type high impurity concentration diffusion regions 2 
and the N-type high impurity concentration diffusion regions 
3. 

Both the width of each tooth of the lead wire 
electrodes 8a' ' and 8b'' and the arrangement of the via-holes 
80a'' and 80b'' at the intersections of the lead wire 
electrodes 8a'' and 8b'' and electrodes 7a and 7b can be 
adaptively, i.e., selectively, provided. As a result, the 
current distribution due to surge voltage, i.e., the rate of 
surge current flowing through the ends of the diffusion 
regions 2 and 3 can be optimized. This structure increases 
the withstanding voltage of the PN junction diode against 
surge voltage with suppression of destruction at the ends of 
the diffusion regions 2 and 3. 
[FIFTH EMBODIMENT] 

Figs. 7A is a partial plan view of a PN junction diode 
240 according to a fifth embodiment, and Fig. 7B is a cross- 
sectional view taken along line VIIB-VTIB in Fig. 7A. The PN 
junction diode 240 according to the fifth embodiment has 
substantially the same structure as the PN junction diode 220 
according to the third embodiment (Fig. 5). The difference 
is that the N-type high impurity concentration diffusion 
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region (cathode) 3 extends or projects beyond the end edge 2a 
of the P-type high impurity concentration diffusion region 
(anode) 2 on a semiconductor substrate (p-well) 1. Moreover, 
the cathode 3 has a low impurity concentration portion 3b at 
the end edge 3a thereof* 

Further, the anode 2 and the cathode 3 have round 
(circle) edges or chamfered portions 2a and 3a. 

More specifically, the cathode 3 extends or projects 
beyond the end edge 2a of the anode 2, which reduces the high 
electrostatic intensity at the end edges of the anode 2 and 
cathode 3, so that destruction at the end edges can be 
suppressed. Further the cathode 3 has the low impurity 
concentration portion. 3b at the end 3a thereof , which reduces 
the high electrostatic intensity at the end edges of the 
anode 2 and cathode 3 , so that destruction at the end edge 
can also be suppressed. 

Corner edges of the stripe cathode 3 are rounded or 
chamfered to have a semicircle portion or chamfered portion 
3a. Moreover, corner edges of the stripe anode 2 are also 
rounded or chamfered to have a semicircle portion or 
chamfered portion 2a. This structure also contributes to 
reduce the high electrostatic intensity at the end edges of 
the anode 2 and cathode 3, so that destruction at the end 
edges can be prevented. 
[SIXTH EMBODIMENT] 

Fig. 8 is a partial plan view of a PN junction diode 
250 according to the sixth embodiment. This PN junction 
diode 250 has substantially the same structure as the PN 
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junction diode 240 according to the fifth embodiment (Figs. 
7A ad 7B) . The difference is that the contacts 70a and 70b 
formed on the anode 2 and cathode 3 are partially not formed 
around the ends of anode 2 and the cathode 3 (at portions 2c 
and 3c), Because the distances from the contacts 7 0a and 7 0b 
to the ends of the anode 2 and cathode 3 become long, this 
can reduce electric current concentration at the ends of the 
anode 2 and the cathode 3 due to surge voltage. That is, 
this structure can suppress electrostatic field intensity 
from being high at the ends of the anode 2 and cathode 3, 
thereby increasing the ESD withstanding capability. 
[ SEVENTH EMBODIMENT] 

In the above embodiments, a P-type silicon substrate is 
used. However, although not shown, an N-type silicon 
substrate can be used as a seventh embodiment. In that case, 
for example, in Fig. 1, the electrode 7b' is equalized to the 
potential of the diffusion layer of the conductivity which is 
different from that of the substrate 1. Further, a substrate 
having an epitaxial layer having a thickness more than 10 im 
including P-type or N-type of a low impurity concentration 
can be used. 
[EIGHTH EMBODIMENT] 

Moreover, in the above embodiments, suppression of 
concentration of surge current is made regarding a first ends 
of the P-type high impurity concentration diffusion region 2 
and the N-type high impurity concentration diffusion region 3. 
However, suppression of concentration of surge current may be 
also made regarding a second ends of the P-type high impurity 



concentration diffusion region 2 and the N-type high impurity 
concentration diffusion region 3 as an eighth embodiment. 
That is, the structure for suppressing the concentration of 
the surge current may be formed at the both first and second 
ends of the diffusion regions 2 and 3. 

Further, any combination of the structures according to 
the above-embodiments can be used between the first ends or 
between the first and second ends. 

As mentioned above, the ESD protection diode having a 
PN junction surely protects circuit elements on the same 
integrated circuit from ESD by at least one of the following 
structures: 

(1) If the semiconductor substrate supporting anode and 
cathode is of P-type, an additional electrode is 
arranged above the edges of anode and cathode, and the 
potential of the additional electrode is equalized to 
that of the cathode. If the semiconductor substrate 
supporting anode and cathode is of N-type, the 
additional electrode is arranged above the edges of 
anode and cathode, and the potential of the additional 
electrode is equalized to that of the anode. 

(2) Rectangular edges at the ends of the anode (P-type high 
impurity concentration diffusion layer.) and the cathode 
(N-type high impurity concentration diffusion layer) are 
rounded or chamfered. 

(3) If the semiconductor substrate supporting anode and 
cathode is P-type, end edge of the cathode extends 
beyond the end of the anode. If the semiconductor 



substrate supporting anode and cathode is N-type, the 
end edge of the anode extends beyond the end of the 
cathode. 

(4) If the semiconductor substrate supporting anode and 
cathode is of P-type, the cathode has a low impurity 
concentration N-type diffusion layer at the end thereof. 
If the semiconductor substrate supporting anode and 
cathode is of N-type , the anode has a low impurity 
concentration P-type diffusion layer at the end thereof. 

(5) The contact 7 0a connecting the anode 2 to the electrode 
7a is not provided around the end edges of the anode 2. 
The contact 7 0b connects the cathode 3 to the electrode 
7b is not provided around the end edges of the cathode 3 . 

(6) The lead wire electrodes 8a and 8b are connected to only 
to the intermediate portion or the middle portion of the 
electrodes 7a and 7b. 

For example, the PN junction diode shown in Figs. 7A 
and 7B adopts the structure according the items (2) to (4). 
This moderates the concentration of surge current at end 
edges of the diffusion regions (anode and cathode) . Thus, 
the PN junction diode shown in Figs.7A and 7B can have a 
superior ESD withstanding capability. 

The PN junction shown in Fig. 8 adopts the structure 
(5) in addition to structures (2) to (4). The structure (5) 
increases the resistive components in the current path from 
the contacts 70a and 70b to the end edges, so that the 
concentration of currents around the end edges can be further 
reduced, increasing the ESD withstanding capacity. 



[NINTH EMBODIMENT] 

Figs. 9A and 9B illustrate a PN junction diode 
according to a ninth embodiment of the present invention. 
Fig. 9B shows a cross-sectional view of the PN junction diode 
taken along line IXB-IXB in Fig. 9A. The same or 
corresponding parts in Figs. 9A and 9B are designated with 
the same reference numbers in Figs. 22A and 22B showing the 
related art PN junction diode 100. 

The PN junction diode shown in Figs.9A and 9B includes 
an N-type low impurity concentration silicon (semiconductor) 
substrate 1, a P-type high impurity concentration diffusion 
region 2 as a base in a surface layer of the substrate 1, and 
N-type high impurity concentration diffusion regions 3a and 
3b as an emitter on both sides of the base in the surface 
layer equidistantly . The N-type low impurity concentration 
silicon (semiconductor) substrate 1 includes impurity of 
phosphorus (P) at a concentration of about 1 x 10 15 cm" 3 . In 
the plan view of Fig. 9A, each of the P-type high impurity 
concentration diffusion region 2 and the N-type high impurity 
concentration diffusion regions 3a and 3b has a rectangle 
shape of about 10 im x 500 Im. Between the P-type high 
impurity concentration diffusion region 2 and the N-type high 
impurity concentration diffusion regions 3a and 3b in the 
surface layer of the substrate 1, PN junction regions 4a and 
4b are formed to provide PN junctions. 

Further, the PN junction diode includes an LOCOS 
(Localized Oxidation of Silicon) film 500 which is an 
insulation protection layer having a relatively high melting 
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point (comparing to the BPSG film and the semiconductor 
substrate 1). The PN junction regions 4a and 4b are located 
under bridge portions 500a and 500b of the LOCOS film. The 
bridge portions 500a and 500b have the same widths L ia and Li b 
between openings 50, so that the PN junction regions 4a and 
4b under the bridge portions 500a and 500b have the same 
widths L ca and L cb , respectively. In Fig. 9A, three openings 
50 in LOCOS film 500 are denoted with solid lines. The 
widths Lia and L ib of the bridge portions 500a and 500b in the 
LOCOS film 500 are generally set to L ia = L ib = about 3 1m. 

On the LOCOS film 500, a lower layer insulation film 5 
made of BPSG is formed to cover the LOCOS film 500 and 
partially cover the surfaces of the P-type high impurity 
concentration diffusion region 2, and the N-type high 
impurity concentration diffusion regions 3a and 3b to provide 
contact regions 71, 72, and 73 (openings on the surfaces of 
the base and emitters). On the insulation layer 5 and the 
contact regions 71, 72, and 73, lower layer electrodes 7a and 
7b comprising Al are formed. On the lower layer electrodes 
7a and 7b and the lower layer insulation film 5, an upper 
layer insulation film 18 comprising TEOS 

(Tetraethylorthosilicate) is formed to have openings on the 
lower layer electrodes 7a and 7b. On the upper layer 
insulation film 18, upper layer electrodes 9a and 9b are 
formed so as to connect to the lower layer electrodes 7a and 
7b though openings in the upper layer insulation film 18, 
respectively. Thus, the P-type high impurity concentration 
diffusion region 2 as the base is connected to the upper 
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layer electrode 9a through the lower layer electrode 7a. The 
N-type high impurity concentration diffusion regions 3a and 
3b as the emitter are connected to the upper layer electrode 
9b through the lower layer electrode 7b. 

In the plan view of Fig. 9A, the lower layer electrodes 
7a and 7b and the upper layers electrodes 9a and 9b are 
denoted with solid lines. On the other hand, the P-type high 
impurity concentration diffusion region 2 and the N-type high 
impurity concentration diffusion regions 3a and 3b, the 
contact regions 71, 72, and 73, and the contact regions 91, 
92, and 93 between the lower and upper layer electrodes are 
denoted with dotted lines. In this embodiment, distances (L x 
and L y ) between the openings 50 in the LOCOS film 500 and the 
contact regions 71, 72 and 73 are equalized around the 
circumferences of the P-type high impurity concentration 
diffusion region 2 and the N-type high impurity concentration 
diffusion regions 3a and 3b (L x = L y ) . 

Moreover, the lower layer electrode 7a corresponding to 
the P-type high impurity concentration diffusion region 2 is 
electrically connected to the upper layer electrode 9a for 
the base, and the lower layer electrode 7b corresponding to 
the N-type high impurity concentration diffusion regions 3a 
and 3b are electrically connected to the upper layer 
electrode 9b for the emitter. Further, the top surface of 
the PN junction diode is converted with a protection film 20 
comprising SiN. The upper layer electrodes 9a and 9b are 
externally connected through pads 90a and 90b formed at 
openings in the protection film 20. 



The upper layer electrodes 9a and 9b have rectangular 
shapes with the same widths L ea and L e b (L ea = L e b), cross 
three openings 50 of the LOCOS film 500 , arranged in line and 
share each of the openings 50 equally. The pads 90a and 90b 
are arranged side by side on one side of the openings 50. 

A method of producing the PN junction diode shown in 
Figs. 9A and 9B will be described with reference to Figs. 10A 
to 10G. Figs. 10A to 10G illustrate cross-sectional views 
taken along line IXB-IXB in Fig. 9A in order of production 
processes. The production of the PN junction diode shown in 
Figs. 10A to 10G is carried out along with production of a 
CMOS semiconductor device at the different location of the 
same substrate. Thus, this method will be described with 
reference to processes of the CMOS device show in Figs. 11A 
to HE. 

First, the N-type silicon (semiconductor) substrate 1 
having a low impurity concentration shown in Fig. 10A is 
prepared. The N-type silicon substrate 1 contains phosphorus 
(P) as an impurity at a concentration of about 1 x 10 15 cm" 3 . 
On the other hand at the CMOS forming regions, the N channel 
MOS portion of the substrate 1 is, as shown in Fig. 11A, ion- 
injected with boron (B) at a concentration of 1 x 10 13 cm" 2 to 
provide a P-type well region 201. Similarly, at the P 
channel MOS portion of the substrate 1 is ion-injected with 
phosphorus (P) at a concentration of 1 x 10 13 cm" 2 to provide 
an N-type well region 3 01. 

Next, as shown in Figs. 10B and 11B, the LOCOS films 
500, 500a, and 500b as a high melting point protection film 
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having predetermined openings are formed through general 
processes as follows: 

First , on an entire current top surface of the N-type 
silicon substrate 1, SiN film, being a mask on thermal 
oxidation is deposited and subsequently subjected to etching 
with a mask of a resist having the predetermined openings 
corresponding to openings for LOCOS film forming locations. 
Next, thermal oxidation is effected to the surface of silicon 
exposed through the openings of the SiN film to form the 
LOCOS film 500, 500a, and 500b. Finally, the SiN film mask 
is removed. The thickness of the LOCOS film 500 is about 0.6 
Im. As shown in Fig. 11B, at the CMOS forming region, after 
forming the LOCOS films 500, a gate oxide film 601 comprising 
a silicon oxide film and a gate electrode 602 comprising a 
polys il icon film are formed by a generally used method. 

Next, as shown in Fig. 10C, a first resist 103 is 
formed to cover the openings corresponding to the emitter in 
the LOCOS film 500, 500a and 500b, and then, boron (B) is 
ion-injected with the LOCOS film as a substantial mask into 
the substrate 1 through the openings corresponding to the 
base at a concentration of 2 x 10 14 cm" 2 . After this, thermal 
treatment is made at a temperature not less than 1000 °C for 
several hours to form P-type high impurity concentration 
diffusion region 2 for the base. The diffusion depth of the 
P-type high impurity concentration diffusion region 2 is 
about 3 im. At the same time, as shown in Fig. 11C, at the 
CMOS forming locations, a P-type high concentration diffusion 
regions 21 and 22 corresponding to P channels are formed. 
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After this, as shown in Fig. 10D, the first resist 103 
is removed, and then, the openings of the LOCOS film 
corresponding to the base are covered with a second resist 
104. Next, phosphorus (P) is ion- injected into the substrate 
1 with the LOCOS film as a substantial mask through the 
openings corresponding to the emitter at a concentration of 4 
x 10 16 com*" 2 . After this, a thermal treatment is performed at 
a temperature not less than 1000 °C for about one hour to 
form N-type high impurity concentration diffusion regions 3a 
and 3b on both sides of the P-type high impurity 
concentration diffusion region 2. The diffusion depth of the 
N-type high impurity concentration diffusion regions 3a and 
3b is about 2 im. These processes provide PN junction 
regions 4a and 4b at the semiconductor portion between the P- 
type high impurity concentration diffusion region 2 and the 
N-type high impurity concentration diffusion regions 3a and 
3b. In the same process, at the CMOS forming locations, N- 
type high impurity concentration diffusion regions 31 and 32 
corresponding to the N channels are formed as shown in Fig. 
11D. : . 

Subsequently, the second resist 104 is removed as shown 
in Fig. 10E, and then, a BPSG film is deposited on the entire 
current top surface as the lower layer insulation film 5 . 
Further, openings 61, 62, and 63 are formed in the BPSG film 
for contacts for the P-type high impurity concentration 
diffusion region 2 and N-type high impurity concentration 
diffusion regions 3a and 3b, wherein the thickness of the 
BPSG film is about 0.6 Im. 



As shown in Fig. 10F, Al is deposited over the entire 
current top surface to have an Al film of about 1 im 
thickness, which is patterned to form the lower layer 
electrodes 7a and 7b. 

At the CMOS forming locations, as shown in Fig. HE, 
the lower layer insulation film 5 comprising a BPSG film and 
the lower layer electrode 7 comprising Al are formed by the 
processes shown in Figs. 10E and 10F. 

Next, as shown in Fig. 10G, the TEOS film as the upper 
layer insulation film 18 is deposited, and then, openings 
corresponding to the lower layer electrodes 7a and 7b are 
formed. After this, an Al film is deposited over the entire 
current top surface. Subsequently, the Al film is patterned 
to have a predetermined configuration to form the upper layer 
electrodes 9a and 9b. Finally, SiN film is deposited over 
the entire current top surface as the protection film 20 , and 
then, the openings for the pads 90a and 90b for external 
connection are formed to complete the PN junction diode shown 
in Figs. 9A and 9B. It is to be noted that, at each CMOS 
forming location, the CMOS semiconductor device is completed 
via the same process as that in Fig.lOG after the process 
shown in Fig. HE 

According to the method of producing the PN junction 
diode as shown in Figs. 10A to 10G, the P-type high impurity 
concentration diffusion region 2 for the base and the N-type 
high impurity concentration diffusion regions 3a and 3b for 
the emitter are provided by ion-in jection with the same LOCOS 
film 500, 500a and 500b as a mask. Thus, in the processes in 
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Figs, 10A to 10G, there is no alignment operation between 
masks, that is, there is no alignment error of masks. 
Accordingly, when the widths of the bridge portions 500a and 
500b of the LOCOS film 500 is equally set, the widths L ca and 
L cb of the PN junction regions 4a and 4b on both sides of the 
base can be equalized after impurity diffusion. Therefore, 
the same withstanding voltages can be obtained at the both PN 
junction regions 4a and 4b. Further, the PN junction regions 
4a and 4b are formed under the bridge portions 50 0a and 5 0 0b 
Of the LOCOS film 500. Because the LOCOS film has a higher 
melting point than the BPSG and the substrate 1, the PN 
junction diode can withstands the increase in temperature at 
the PN junction region 4a and 4b due to application of surge. 
[TENTH EMBODIMENT] 

The ninth embodiment has described the configuration 
and producing method of the PN junction diode wherein the N- 
type high impurity concentration diffusion regions for the 
emitter are arranged on both sides of the P-type high 
impurity concentration diffusion region for the base, by 
utilizing the bridge portions of the LOCOS film having the 
same width covering the PN junction regions. 

As for the PN junction diodes for input/output 
protection for semiconductor devices, generally, tens of PN 
junction diodes are connected in parallel on the same 
semiconductor substrate to protect the circuitry on the 
substrate from a large magnitude of surge current. 

The PN junction diode according to a tenth embodiment 
has a plurality of PN junction diodes connected in parallel. 

-30- 



That is, the PN junction diode has three sets of PN junction 
diode structures, each corresponding to the PN junction diode 
according to the ninth embodiment. 

Fig, 12 is a plan view of the PN junction diode 
according to the tenth embodiment. The same or corresponding 
parts in Figs. 9A and 9B are designated with like references. 
Thus, the detailed description will be omitted. 

As shown in Fig. 12, three P-type high impurity 
concentration diffusion regions 21, 22, and 23 are formed as 
center regions. Two N-type high impurity concentration 
diffusion regions 31a, 31b, 32a, 32b, 33a, and 33b are 
arranged on both sides of each of the center regions, 
respectively. All of the bridge portions 501a, 501b, 502a, 
502b, 503a, and 503b of the LOCOS film have the same widths 
L ia , Lib, L 2a / L2b/ L 3a / and L 3 b- Further, three P-type high 
impurity concentration diffusion regions 21, 22, and 23 are 
connected to the upper layer electrode 9a. Six N-type high 
impurity concentration diffusion regions 31a, 31b, 32a, 32b, 
33a, and 33b are connected to the upper layer electrode 9b. 
The PN junction diode in the tenth embodiment can be produced 
in the same method as that in the ninth embodiment with 
modification in masks for the plural PN junction structures. 

Also in this embodiment, because the widths L ia , L ib , L 2a / 
L 2 b/ L 3Q f and L 3b of the six bridge portions 501a, 501b, 502a, 
502b, 503a and 503b which have a high melting point and 
respectively cover the PN junction regions are equalized to 
each other, the six PN junction regions can have the same 
width, so that the six PN junction regions have the same 



withstanding voltage. This structure provides a withstanding 
current magnitude three times the PN junction diode shown in 
Figs. 9A and 9B. 

The PN junction diode shown in Fig. 12 has only six PN 
junction regions connected in parallel. However, even if 
tens of PN junction regions connected in parallel, the PN 
junction regions can have the same width by using the bridge 
portions having the same width, so that the withstanding 
current magnitude can be increased in proportional to the 
number of sets of the PN junction regions of the ninth 
embodiment. 
[ELEVENTH EMBODIMENT] 

The tenth embodiment discloses the PN junction diode 
having a plurality (three) of sets of PN junction structure 
of the ninth embodiment connected in parallel. The eleventh 
embodiment relates to a PN junction diode wherein a plurality 
of base and emitter regions is alternately arranged. More 
specifically, in the PN junction diode of the eleventh 
embodiment, four P-type high impurity concentration diffusion 
regions as the base regions, and five N-type high impurity 
concentration diffusion regions as the emitter regions are 
alternately arranged to have eight PN junction regions for 
example. 

Fig. 13 is a plan view of the PN junction diode 
according to this embodiment. The same parts in the ninth 
embodiment are designated with the like references in Fig. 13, 
and thus the detailed description will be omitted. 

As shown in Fig. 13, four P-type high impurity 



concentration diffusion regions 21, 22, 23, and 24 and five 
N-type high impurity concentration diffusion regions 31, 32, 
33, 34 , and 35 are alternately arranged. 

The bridge portions 501, 502, 503, 504, 505, 506, 507, 
and 508 of the LOCOS film have the same widths Li, L 2 , L 3 , L 4 , 
L 5 , L 6 , L 7 , and L 8 . Four P-type high impurity concentration 
diffusion regions 21, 22, 23, and 24 are connected to the 
upper layer electrode 9a. Five N-type high impurity 
concentration diffusion regions 31, 32, 33, 34, and 3 5 are 
connected to the upper layer electrode 9b. The PN junction 
diode according to the eleventh embodiment can be produced in 
the same method as that according to the ninth embodiment 
with modification in masks for the plural PN junction 
structures . 

Therefore, also in this embodiment, because the widths 
Li, L 2 , L 3 , L 4 , L 5 , L 6/ L 7 , and L 8 of the bridge portions of the 
LOCOS film covering the PN junction regions are equally 
provided, the eight PN junction regions have the same width, 
so that the eight PN junction regions have the same 
withstanding voltage. Here, although the PN junction diode 
shown in Fig. 12 has six PN junction regions, the PN junction 
diode shown in Fig. 13 has eight PN junction regions in spite 
of the same occupation area. Therefore, the PN junction 
diode in Fig. 13 provides 4/3-times withstanding current 
magnitude comparing to the PN junction diode in Fig. 12. In 
other words, if they have the same withstanding current 
capability, the PN junction diode shown in Fig. 13 can be 
provided with 3/4 of area that would be occupied by the PN 
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junction diode shown in the Fig, 12 

In the PN junction diode shown in Fig. 13, eight PN 
junction regions are connected in parallel. In the case that 
tens of PN junctions are connected in parallel in order to 
ensure a requisite withstanding capability against surge 
current, the PN junction regions similarly have the same 
width by using the bridge portions having the same width, so 
that the withstanding current capability of the diode can be 
increased in proportional to the number of the bridge 
portions. [TWELFTH EMBODIMENT] 

The PN junction diodes according to the ninth to 
eleventh embodiments include the P-type high impurity 
concentration diffusion regions for the base and the N-type 
high impurity concentration diffusion regions for the emitter, 
wherein both have the same size rectangles. The PN junction 
diode according to a twelfth embodiment has different size of 
rectangles between the P-type high impurity concentration 
diffusion regions and the N-type high impurity concentration 
diffusion regions. 

Fig. 14 is a plan view of the PN junction diode 
according to the twelfth embodiment. The same parts in the 
eleventh embodiment are designated with like references in 
Fig. 14. Thus, the detailed description will be omitted. 

As shown in Fig. 14, the P-type high impurity 
concentration diffusion regions 21, 22, 23, and 24 and the N- 
type high impurity concentration diffusion regions 31, 32, 33, 
34, and 35 are alternately arranged. The bridge portions 501, 
502, 503, 504, 505, 506, 507, 508 have the same widths L a , L 2 , 

-34- 



L 3 , L 4 , L 5 , L 6 , L 7 , and L 8 like the PN junction diode according 
to the eleventh embodiment shown in Fig. 13. The difference 
is in that the longitudinal size L P of four LOCOS openings 52, 
54, 56, and 58 for the P-type high impurity concentration 
diffusion regions is different from the longitudinal size L N 
of five LOCOS openings 51, 53, 55, 57, and 59 for the N-type 
high impurity concentration diffusion regions. 

If the P-type high impurity concentration diffusion 
regions and the N-type high impurity concentration diffusion 
regions having the same dimensions are arranged side by side 
as shown in Fig. 13, surge current tends to concentrate at 
end edges of the neighboring P-type high impurity 
concentration diffusion region and the N-type high impurity 
concentration diffusion region comparing to the middle 
portions thereof. Therefore, if a surge current of a large 
magnitude exceeding the withstanding capability occurs, 
corners of diffusion regions may be destroyed. 

In this embodiment, the PN junction diode shown in Fig. 
14 has different longitudinal sizes L P and L N of LOCOS 
openings for forming the P-type high impurity concentration 
diffusion regions and N-type high impurity concentration 
diffusion regions so as to have longer distances between 
neighboring corners than the widths Li = L 2 = L 3 = L 4 = L 5 = L 6 
= L 7 = L 9 of the bridge portions. Therefore, the resistance 
of the current path between the neighboring corner edges of 
the P-type high impurity concentration diffusion region and 
the N-type high impurity concentration diffusion region is 
greater than that of the current path in the PN junction 



region formed under the bridge portion. This structure 
moderates concentration of the electric surge current at 
corner edges of the P-type high impurity concentration 
diffusion regions and the N-type high impurity concentration 
diffusion regions, so that destruction at the corners can be 
suppressed. 

Regarding making the difference in the longitudinal 
length between the P-type high impurity concentration 
diffusion region and the N-type high impurity concentration 
diffusion region, if the substrate is of N-type, the corner 
edge of the P-type high impurity concentration diffusion 
region may be readily destroyed. Therefore, in order to 
prevent the current concentration at the corner edges, it is 
desirable to make the longitudinal length L P of the P-type 
high impurity concentration diffusion region for the base 
greater than the longitudinal length L N of the N-type high 
impurity concentration diffusion region for the emitter. 
Inversely, if the substrate is of P-type, because the corners 
of the N-type high impurity concentration diffusion region 
may be readily destroyed, it is desirable to make the 
longitudinal length L N of the N-type high impurity 
concentration diffusion region for the emitter greater than 
the longitudinal length L P of the P-type high impurity 
concentration diffusion region for the base. This embodiment 
is applicable to ninth and tenth embodiments. 
[THIRTEENTH EMBODIMENT] 

In the PN junction diodes according to the ninth to 
twelfth embodiments, a distance between the contact region 
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for the lower layer electrode and the LOCOS opening is 
constant around the circumference. More specifically, as 
shown in Figs. 9A and 9B, distances (L x and L y ) between the 
openings in the LOCOS film 500 and the contact regions for 
the P-type high impurity concentration diffusion region 2 and 
the N-type high impurity concentration diffusion regions 3a 
and 3b are equalized around the circumferences of the contact 
regions (L x = L y ). 

In this embodiment, the distance (L x ) between the 
longitudinal sides of the contact region and the LOCOS 
opening 50 is different from the distance (L y ) between the 
transverse sides of the contact region and the LOCOS opening 
50. 

Fig. 15 is a plan view of a PN junction diode according 
to the thirteenth embodiment. The same parts in the eleventh 
embodiment are designated with like reference, and will not 
be discussed here. 

As shown in Fig. 15, the PN junction diode according to 
this embodiment, the distance L y between the contact region 
71 (72, 73, 74, 75, 76, 77, 78, and 79) and the LOCOS opening 
50 at each end (transverse side) of the contact region 71 and 
the LOCOS opening 50 is greater than the distance L x between 
the longitudinal sides of the contact region 71 and the LOCOS 
opening 50 (L x < L y ). 

The lower layer electrodes 7a and 7b have a lower 
resistivity than the high impurity concentration diffusion 
regions 21, 22, 23, 24, 31, 32, 33, 34, and 35. Therefore, 
making the distance L y at the transverse sides of the 
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rectangles greater than the distance L x at the longitudinal 
sides of the rectangles (near the bridge portions) increases 
the resistance of current path to the ends (transverse sides) 
of high impurity concentration diffusion regions. This 
decreases the magnitude of current flowing into the end edges 
of the high impurity concentration diffusion regions , and 
thus can moderate the concentration of surge currents flowing 
into the end edges. This embodiment is applicable to ninth 
to twelfth embodiments. 
[FOURTEENTH EMBODIMENT] 

In the ninth to eleventh embodiments, the PN junction 
diodes include the P-type high impurity concentration 
diffusion region for the base and the N-type high impurity 
concentration diffusion regions for the emitter/ both having 
the same rectangular shape, i.e., having corners of the 
rectangular shape. 

In this embodiment, each of P-type high impurity 
concentration diffusion regions and the N-type high impurity 
concentration diffusion regions has a straight stripe shape 
having round (semicircle) edges. 

Fig. 16 is a plan view of a PN junction diode according 
to the fourteenth embodiment. The same parts in the eleventh 
embodiment are designated with like references in Fig. 16 and 
will not be discussed in detail here. 

As shown in Fig. 16, the P-type high impurity 
concentration diffusion regions 21, 22, 23, and 24 and the N- 
type high impurity concentration diffusion regions 31, 31, 33, 
34, and 35 are alternately arranged. The bridge portions 501, 
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502, 503, 504, 505, 506, 507, and 508 of the LOCOS film 500 
have the same widths L i# L 2/ L 3 , L 4 , L 5 , L 6/ L 7 , and L 8 like the 
eleventh embodiment. In the eleventh embodiment, the end 
edges of openings 50 have rectangular corners. On the other 
hand, the PN junction diode in Fig. 16 includes openings 50 
corresponding to the P-type high impurity concentration 
diffusion rejoins and the N-type high impurity concentration 
diffusion regions, the openings 50 having round end edges in 
which the rectangular corners are rounded. 

In this embodiment, the neighboring LOCOS openings 50 
for the P-type high impurity concentration diffusion region 
and the N-type high impurity diffusion region have round 
edges at ends, of straight stripes. Accordingly, the distance 
between the neighboring ends can be made longer than bridge 
portion's widths Li = L 2 = L 3 = L 4 = L 5 = L 6 = L 7 - L 8 . • This 
prevents surge currents from concentrating at the ends of the 
neighboring P-type high impurity concentration diffusion 
region and N-type high impurity diffusion region. 

Moreover, in the PN junction diode shown in Fig. 14, 
the PN junction region has the substantial length L N . On the 
other hand, the PN junction diode shown in Fig. 16 has a PN 
junction region of a length L PN (L PN = L P > L N ). Accordingly, 
the PN junction diode shown in Fig. 16 has a larger 
withstanding current capacity against a surge current than 
the PN junction diode shown in Fig. 14. 

Further, the PN junction diode shown in Fig. 16 
includes the LOCOS openings 50 of which the end edges are 
rounded. On the other hand, the contact regions 71 and 72 



for high impurity condition diffusion regions 21 and 31 have 
rectangular shapes, so that the distance between the 
transverse sides of the contact regions 71 and 72 and the 
LOCOS openings 50 at the both ends becomes greater than the 
distance between the longitudinal sides thereof. Therefore, 
like the thirteenth embodiment, this structure also decreases 
the current flowing into the ends of the P-type and N-type 
high impurity concentration diffusion regions, thereby 
suppressing the concentration of surge currents at the ends 
thereof. This embodiment is applicable to ninth to 
thirteenth embodiments . 
[FIFTEENTH EMBODIMENT] 

The twelfth embodiment has disclosed the PN junction 
diode including the P-type high impurity concentration 
diffusion regions and the N-type high impurity concentration 
diffusion regions, both of which have rectangular shapes of 
the longitudinal sizes different from each other. The 
fourteenth embodiment has disclosed the PN junction diode 
including the P-type high impurity concentration diffusion 
regions and the N-type high impurity concentration diffusion 
regions, having the same size stripe shapes of which both 
ends are rounded. In the fifteenth embodiment, low impurity 
concentration diffusion well regions are attached to both 
ends of the diffusion regions, in addition to that the P-type 
and N-type high impurity concentration diffusion regions are 
different in size. Each of the low impurity concentration 
diffusion well regions has the same conductivity type as the 
diffusion region attached thereto. 



Fig. 17A is a plan view of the PN junction diode 
according to the present embodiment. Fig. 17B is an enlarged 
cross-sectional view taken along line XVIIB-XVIIB in Fig. 17A. 
The same parts in the twelfth embodiment are designated with 
like references in Figs. 17A and 17B and will not be 
discussed here. 

As shown in Fig. 17A, the P-type high impurity 
concentration diffusion regions 21, 22, 23, and 24 and the N- 
type high impurity concentration diffusion regions 31, 32, 33, 
34, and 35 are alternately arranged. The longitudinal length 
L P of four LOCOS openings 52, 54, 56, and 58 for the P-type 
high impurity diffusion regions is different from the 
longitudinal length L N of five LOCOS openings 51, 53, 55, 57, 
and 59 for the N-type high impurity concentration diffusion 
regions. The bridge portions 501, 502, 503, 504, 505, 506, 
507, and 508 of the LOCOS film 500 have the same widths Li, 
L 2 , L 3 , L 4 , L 5 , L 6 , L 7 , and L 8 . The LOCOS openings 52, 54, 56, 
and 58 for the P-type high impurity concentration diffusion 
regions and the LOCOS openings 51, 53, 55, 57, and 59 for the 
N-type high impurity concentration diffusion regions have 
straight stripes with round end edges. Further, at the round 
end edges, low impurity concentration diffusion wells 202 to 
209, and 302 to 311 with the same conductivity type as the 
diffusion regions attached are formed. The diffusion depth 
of the low impurity concentration diffusion wells 202 to 209 
and 302 to 311 are about 5 im. 

The PN junction diode according to the present 
embodiment can be produced as follows: 



First, the low impurity concentration diffusion wells 
202 to 209 and 302 to 311 are formed. Next, the remaining 
processes are conducted in accordance with the production 
processes shown in Figs. 10A to 10G according to the ninth 
embodiment. The low impurity concentration diffusion wells 
202 to 209 and 302 to 311 can be formed together with the 
CMOS circuit at the same time if the formation conditions are 
the same as those of the P type well region and the N type 
well region shown in Fig. 11A. 

In this embodiment, the low impurity concentration 
diffusion wells of the same conductivity type as the 
diffusion regions are formed in the surface layer of the 
substrate 1 to cover the termination portions of the P-type 
and N-type high impurity concentration diffusion regions. 
This can prevent surge current from concentrating at the 
termination portions, thereby increasing the withstanding 
voltage thereat. 

In the PN junction diode shown in Figs. 17A and 17B, 
the P-type high impurity concentration diffusion regions and 
the N-type high impurity diffusion regions have the rounded 
end edges as the end configurations thereof in addition to 
formation of the low impurity concentration diffusion wells. 
Further, the longitudinal size of the P-type high impurity 
concentration diffusion regions is different from that of the 
N-type high impurity diffusion regions like the twelfth 
embodiment. Thus, the PN junction diode shown in Figs. 17A 
and 17B has a larger withstanding capability at end portions 
against a large magnitude of surge current. 
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The low impurity concentration diffusion wells can be 
formed in the PN junction diodes according to the ninth to 
fourteenth embodiments . 
[SIXTEENTH EMBODIMENT] 

In the ninth to fifteenth embodiments, the upper layer 
electrodes have rectangular shapes, that is, the width 
thereof is constant* The PN junction diode according to the 
sixteenth embodiment has upper layer electrodes 9a and 9b of 
which widths over the P-type high impurity concentration 
diffusion regions and the N-type high impurity diffusion 
regions vary (decrease) with distances from the pads 90a and 
90b. That is, the widths of the upper layer electrodes 9a 
and 9b become greater, as approaching their pads 90a and 90b. 

Fig. 18 is a plan view of the PN junction diode 
according to the present embodiment. The same parts as the 
eleventh embodiment are designated with the same reference 
numbers in Fig. 18 and a detail description will be omitted 
here. 

The PN junction diode, as shown in Fig. 18 has the pads 
90a and 90b on the both sides of the LOCOS openings 50. Each 
of the widths L ea and L e b of the upper layer electrodes 9a and 
9b increases as the measuring point approaches each of the 
pad 90a and 90b. Accordingly, the lengths of contact regions 
92, 94, 96, and 98 for connecting the lower layer electrodes 
7a to the upper layer electrode 9a increase as the measuring 
point approaches the pad 90a. Similarly, the lengths of 
contact regions 91, 93, 95, 97, and 99 for connecting the 
lower layer electrodes 7b to the upper layer electrode 9b 
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increase as the measuring point approaches the pad 90b- It 
is to be noted that the shortest widths L ea and L e b of the 
upper layer electrodes 9a and 9b are set to be greater than 
the widths of the lower layer electrodes 7a and 7b. 

A surge current enters the PN junction diode from one 
of pads and exits from the other pad. Thus f the upper layer 
electrodes 9a and 9b conduct large magnitudes of surge 
currents as near as the pads 90a and 90b. Accordingly, 
making the electrode width near the pad greater can conduct 
the surge current uniformly into plural diffusion regions . 
This prevents destruction near pads 90a and 90b due to the 
surge current. This embodiment is applicable to ninth to 
fifteenth embodiment. 
[SEVENTEENTH EMBODIMENT] 

The fourteenth embodiment disclosed the PN junction 
diode including the same size of straight stripes with round 
end edges of the P-type high impurity concentration diffusion 
regions and the N-type high impurity diffusion regions. The 
PN junction diode according to the seventeenth embodiment has 
the P-type high impurity concentration diffusion regions and 
the N-type high impurity concentration diffusion regions 
coaxially arranged. 

Fig. 19A is a plan view of the PN junction diode 
according to the seventeenth embodiment. Fig. 19B is a 
cross-sectional view taken along line XIXB-XIXB in Fig. 19A. 
The same parts in the fourteenth embodiment are designated 
with the same reference numbers in Figs. 19A and 19B, and the 
detailed description will be omitted. Moreover, in Figs. 19A 
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and 19B, the upper layer insulation film 18 comprising TEOS , 
the upper layer electrodes 9a and 9b comprising Al, and the 
protection film 20 comprising SiN are omitted in the drawings. 

As shown in Figs. 19A and 19B, three P-type high 
impurity concentration diffusion regions 21 , 22, and 23 and 
two N-type high impurity concentration diffusion regions 31 
and 32 are alternately, equidistant ly, coaxially arranged. 
The bridge portions 501, 502, 503 and 504of the LOCOS film 
500 have the same widths Li, L 2 , L 3 , and L 4 . 

In the PN junction diode shown in Figs. 19A, five LOCOS 
openings 51, 52, 53, 54, and 55 and the corresponding P-type 
high impurity concentration diffusion regions and the N-type 
high impurity concentration diffusion regions are formed to 
have ring shapes coaxially arranged. Thus, there are no end 
edges which are inherent to the rectangular type diffusion 
regions. Accordingly, concentration of surge currents at 
corner end edges does not occur, so that surge currents 
uniformly flow in radial directions over all circumferences 
of rings. Thus, the PN junction regions in Figs. 19A and 19B 
are arranged without useless space, so that a miniaturized PN 
junction diode can be provided in comparison with the PN 
junction diode shown in Fig. 16. 
[EIGHTEENTH EMBODIMENT] 

The PN junction diodes according to the ninth to 
seventeenth embodiments improve the surge withstanding 
capability by optimizing the configurations and arrangement 
of the P-type high impurity concentration diffusion regions 
and the N-type high impurity concentration diffusion regions. 



The PN junction diode according to this embodiment further 
includes a third P-type high impurity concentration diffusion 
region surrounding the PN junction regions for grounding. 

Fig- 20A is a plan view of PN junction diode according 
to the present embodiment, and Fig. 20B is a cross-sectional 
view taken along line XXB-XXB in Fig. 2 OA. The same parts in 
the twelfth embodiment are designated with the same reference 
numbers in Figs. 2 OA and 2 OB, and the detailed description 
will be omitted. Further, in Figs. 2 OA and 2 OB, the upper 
layer insulation film 18 comprising TEOS, the upper layer 
electrodes 9a and 9b comprising Al, and the protection film 
20 comprising SiN which were shown in Figs. 9A and 9B are 
omitted in the drawings. 

The PN junction diode shown in Figs. 20A and 20B 
includes two P-type high impurity concentration diffusion 
regions 21 and 22 and three N-type high impurity 
concentration diffusion regions 31, 32, and 33 alternately 
arranged. Further, under these five diffusion regions 21, 22, 
31, 32, and 33, a third P-type high impurity concentration 
diffusion region 220 is formed, and these five diffusion 
regions 21, 22, 31, 32, and 33 are surrounded by an opening 
50r in the LOCOS film to have circumferences 500r and 501r, 
and the third p-type high impurity concentration diffusion 
region 221 corresponding to the opening 50r. The third P- 
type high impurity concentration diffusion regions 22 0 and 
221 are connected, as shown in Fig. 20B, to be grounded 
through the contact 7 Or and the electrode 7r. 

The PN junction diode shown in Figs. 20A and 20B is 

-46- 



produced as follows : 

First, a silicon oxide film is deposited on an N-type 
low impurity concentration silicon (semiconductor) substrate 
11, and then openings are formed at predetermined portions. 
After this, boron (B) is ion-injected under a condition of 1 
x 10 13 cm" 2 to form the third high impurity concentration 
diffusion region 220 as a P-type berried layer. Next, the 
silicon oxide film is removed, and then the N-type low 
impurity concentration silicon layer is formed by the 
epitaxial growth. After this, at a predetermined portion, 
boron (B) is ion-injected under a condition of 1 x 10 13 cm" 2 
to form the third P-type high impurity concentration 
diffusion region 221 as an isolation layer. This completes 
the third high impurity concentration diffusion regions 220 
and 221 surrounding the diode forming area. The subsequent 
processes are carried out in accordance with the processes 
shown in Figs. 10A to 10G to form the PN junction diode of 
the ninth embodiment. 

According to the embodiment, the third P-type high 
impurity concentration diffusion regions 220 and 221, which 
are to be grounded, surround the PN junction diode. Thus, if 
a surge current is too large to absorb in the PN junction 
regions and is about to leak therefrom, the third P-type high 
impurity concentration diffusion regions 220 and 221 absorb 
the noise (injected electrons, holes), which is a leaking 
surge current. This prevents an erroneous operation in a 
logic circuit due to the noise caused by the surge current in 
the peripheral semiconductor circuitry. This embodiment is 
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applicable to the former embodiments. 
[NINTEENTH EMBODIMENT] 

The eighteenth embodiment has disclosed the PN junction 
diode surrounded by the third p-type high impurity 
concentration diffusion regions to absorb the surge current 
leaking from the PN junction diode due to a large magnitude 
of surge current, in order to prevent an erroneous operation 
of the semiconductor circuitry formed around the PN junction 
diode. In the nineteenth embodiment, the diode forming area 
is surrounded by insulation regions instead of the third P- 
type high impurity concentration diffusion regions. 

Fig. 21A is a plan view of the PN junction diode 
according to the present embodiment. Fig. 2 IB is an enlarged 
cross-sectional view of the PN junction diode taken along 
line XXIB-XXIB in Fig. 21A. The same parts in the eighteenth 
embodiment are designated with the same reference numbers in 
Figs. 21A and 2 IB, and the detailed description will be 
omitted. In addition, in Figs. 21A and 2 IB, the upper layer 
insulation film 18 comprising TEOS and the upper layer 
electrodes 9a and 9b comprising Al, and the protection film 
20 comprising SiN are omitted. 

The PN junction diode according to the present 
embodiment includes two P-type high impurity concentration 
diffusion regions 21 and 22 and three N-type high impurity 
concentration diffusion regions 31, 32, and 33 are 
alternately arranged. Moreover, these five diffusion rejoins 
21, 22, 31, 32, and 33 are surrounded by insulation regions 
401 and 402 under the circumference portion 500r of the LOCOS 
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film. 

The PN junction diode in Figs. 21A and 21B is produced 
as follows: 

First, two N-type low impurity concentration silicon 
(semiconductor) substrates 11 are prepared. A surface of one 
substrate is oxidized to form a silicon oxide film 402. Next, 
by a generally known method, these two substrates are adhered 
to each other to provide a laminated substrate. After that, 
the oxidized substrate is polished to provide an N-type low 
impurity concentration silicon layer having a thickness of 10 
im. Subsequently, the N-type low impurity concentration 
silicon layer is dry-etched substantially perpendicularly 
with a mask of a resist or an oxide film until the dry- 
etching reaches the buried silicon oxide film 402 to form 
trenches. Next, the sidewalls of the trenches are subjected 
to thermal oxidation to form silicon oxide (Si0 2 ) films 401, 
and then polysilicon (Si) 700 is deposited to fill the 
trenches. After that, the polysilicon remained on the 
surface is etched and the surface is flattened with chemical 
machinery polishing. This completes the insulation regions 
401 and 402 surrounding the diode forming area. Subsequently, 
the PN junction diode is formed by the producing method in 
the first embodiment shown in Figs. 10A to 10G. In Fig. 21A, 
the silicon oxide (Si0 2 ) film 401 and the polysilicon (Si) 
700 are denoted with solid lines. 

According to the present embodiment, in a case where a 
magnitude of surge current is large, and thereby a surge 
current leaks from the PN junction region, because the 



insulation regions 410 and 402 surround the PN junction diode, 
the leaking surge current can be totally blocked with the 
insulation regions 401 and 402. This prevents erroneous 
operations in the semiconductor circuitry around the PN 
junction diode due to the noise caused by the leaking surge 
current. This embodiment is applicable to the former 

embodiments . 

It is to be noted that, in the embodiments described 
above, when the PN junction diode has the lower layer 
electrodes and the upper layer electrodes, the surge current 
flows in the lower layer electrodes having narrow widths 
connected to individual diffusion regions, perpendicularly 
from the upper electrodes . Thus, resistance of the current 
path including the lower layer electrodes can be reduced, so 
that the electrodes can resist a large surge current, 
preventing the electrodes from being burnt by heat caused by 
the surge current. 

Especially, it is preferable that the widths of the 
upper layer electrodes are greater than those of the lower 
layer electrodes. As a result, resistance of current path 
including the upper layer electrodes can be also reduced. 
[MODIFICATIONS] 

In the above-mentioned embodiments, the LOCOS films are 
used as the high melting point insulation protection film. 
However, usage of a silicon oxide (SiO) film or a silicon 
nitride (SiN) film is also possible. Moreover, these films 
may be laminated. These high melting point insulation 
protection films have melting points higher than the melting 



point (1420 °C) of the silicon (Si) substrate (pn junction 
regions 4a and 4b) , so that though the PN junction generates 
a heat, the high melting point insulation protection film 
does not melt before the silicon substrate begins to melt. 
Therefore, even though a relatively large surge current flows 
in the diffusion regions, insulation capability of the high 
melting point insulation protection film does not deteriorate, 
unlike a BPSG film. 

These high melting point insulation protection films 
may be formed by a physical vapor deposition or chemical 
vapor deposition. Or, these high melting point insulation 
protection films may be formed by oxidizing or nitriding 
treatment of the substrate, like a LOCOS film. 

Moreover, in the above-mentioned embodiments, the N- 
type low impurity concentration silicon substrate is used. 
However, a P-type low impurity concentration silicon 
substrate is also possible. Moreover, a substrate having an 
epitaxial film containing N-type or P-type impurity at a low 
concentration with a thickness of more than 10 im is also 
possible. 

As disclosed above, the PN junction diode according to 
the present invention provides a high withstanding capability 
as to the surge voltage, so that the integrated circuit 
including this PN junction diode provides sufficient surge 
protection. 



